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(71) We, RADIOMETER A/S, a com- 
pany organized under die laws of Denmark, 
of No. 72, Emdrupvej, DK 2400 Copenhagen, 
NV,-— ^ Denmark do hereby declare the in- 
vention* for which we pray that a patent may 
be granted tt> us, and the method by which 
it is to be performed, to be particularly des- 
cribed in and by the following statement: — 

The present invention; relates to a cell 
for electro-chemical analysis and, more par- 
ticularly, to such cells which comprise art 
enzyme for converting the substance to be 
measured into. a product which, in a cor- 
related way, can influence die electrical signal 
from the ceiL 



Such cells comprise, in a 
indicator or sensing electrode el 



i tself an 
cally con- 



tacting one side of a membrane and a refer-* 
ence electrode electrically contacting the 
20 same side of said membrane. In this con- 
text the expression "contacting" covers the 
case in which contact is obtained through a 
layer of electrolyte. 

Id the case of an enzyme membrane stmo 

25 tore a second, hydroprulic membrane is 
arranged at a distance from the first-men- 
tioned membrane and in the space between 
die two membranes a layer of concentrated 
enzyme is present. The free face of the 

30 second membrane provides the test surface to 
which the substance to be tested is applied. 
An enzyme membrane of this is described 
in die Annals of New York Academy of 
Science 102, pages 29—49, 0962). 

35 The nrst-mentioned membrane facing the 
sensing electrode is made of a material which 
can be penetrated by the substance to which 
the sensing electrode is sensitive. Thus this 
membrane is permeable to the reactams of 

40 die enzymatic reaction but impermeable to 
enzymes. It may be made of cuprophane, 
but in the event that one of the reaction pro- 
ducts is a gas at normal pressure and tem- 
perature and it is desired to measure via this 

45 gas, the membrane may consist of hydro- 
phobic plastics impermeable to ions but 
slightly permeable to such gases as oxygen, 
carbon dioxide or ammonia. Known plastics 



having such properties are silicone rubber, 
polytetrafluorethyleoCj polypropylene etc. 

Biological fluids ana other samples to be 
tested may contain substances that may inter** 
fere with the sensing electrode. In a polaro- 
graphic cell substances such as uric acid and 
ascorbic add may be oxidated on the anode 
and result in a current signal which is not 
due to the substance to be measured and 
which is therefore not correlated to the quan- 
tity of this substance. In order to avoid this 
difficulty it has been suggested in British 
patent specification 1,167,317 to use the cur- 
rent from a second cell which is identical 
with the enzyme electrode cell but for die 
lack of enzyme in the membrane to com- 
pensate the error in the current from the 
enzyme electrode celL However, 
error signals of identical magnitude in 
ferent cells is almost impossible and, there- 
fore, this arrangement presents further prac- 
tical problems. 

It is an object of the present invention to 
devise a cdl for dectro-chemkal analysis in 
which error signals of the kind described are 
avoided in a simple but effective way without 
affecting the practical appUcabOity of the cell 
According to the present invention die 
problem encountered is solved by means of 
a cell for electro-chemical analysis which com- 
prises a receptacle, a sensing electrode in said 
receptacle, a reference electrode in a space in 
said receptacle which is separated from said 
sensing electrode and adapted to hold art 
electrolyte solution, and a composite mem- 
brane electrically contacting said sensing elec- 
trode, a path for an electric current extend- 
ing between the reference electrode and die 
sensing electrode, said composite membrane 
comprising at least two strata, one of which 
has a lower density than die other and is 
chosen to the sensing electrode than the 
other and the other of which has a thickness 
which is only a small fraction of the total 
thickness of the membrane. This cell can 
be used for polaro graphic as well as potentie- 
metric measurements. 

Hie composite membrane is an inhomo- 
geneous membrane formed as a unit and hav* 
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ing different properties in different strata 
parallel to the surface of the ™?mhrnrtft. This 
membrane blocks the migration to die sens- 
mg electrode of interfering subrtances, such 

5 as unc add, ascorbic add, ions end non- 
gaseous molecules and similar substances and 
allows the passing of rdevant substances, for 
example, an enzymatic conversion product 
such as hydrogen peroxide or a gas, for 

10 example oxygen, carbon dioxide or ammonia. 
A homogeneous membrane exhibiting these 
properties can be made of silicone rubber. 
However, in order to obtain a reasonable 
T 01 * measurin S time, experience has shown 

15 that the thickness of the membrane should 
not exceed 02 — 5 /an depending on the 
kind of measurement to be carried out, It 
would then be possible to achieve, in a prac- 
tical^ acceptable short response time, an 

20 equiKbdum of diffusion o£ for example, 
hydrogen peroxide. Unfortunately, a mem- 
brane of this thickness is not practically 
applicable owing to the lack of mechanical 
strength. 

25 The above-mentioned problem has been 
solved in accordance with the preferred forms 
of the invention by applying a composite 
membrane with at least two different strata, 
one of which has a thickness less than 5 /un 
preferably between 0.01 and 2 urn, when the 
substance migparing through the dense strata 
and depolarizing the anode is hydrogen 
peroxide? and 0.1 to 5 /an when said substance 
is a gas, while the other stratum h suffice 

35 ently thick to render the necessary mechani- 
cal strength- The thin, deuce stratum may be 
a hydrophobic material such as silicone rubber 
or a hydrophihe material such as cellulose 
acetate and the thick and less dense stratum 

40 may be a hydrophflic material, such as cupro- 
phaue, cellulose acetate or polymerised pro- 
tein. 

It has been found that a cellulose acetate 
membrane for reverse osmosis marketed by 

45 the Danish company "De danske Sukker- 
fabrikker" under the code number "999" is 
likewise applicable as a membrane in a cell 
according to the present invention. 
This membrane "999" consists entirely of 

50 cellulose acetate, having dense and less dense 
strata. The membrane is manufactured by 
dissolving cellulose acetate in a mixture of 
torroamide and acetone. This solution is 
spread onto a plate and the solvent is partly 

55 evaporated in 5—10 seconds, after which time 
the plate is cooled in icecold water for 30 
minutes. On the membrane produced a skin- 
layer forms on that side which during the 
evaporation has been exposed to the air. This 

60 skin-layer is made more or less dense by hot 
water treatment at 80— 90°C, high tempera- 
ture and long treatment time giving a more 
dense layer. 
In order that the invention may be more 

65 readily understood reference will now be made 



to the accompanying schematic drawings, in 
which 

Fig. 1, in vertical section, shows an em- 
bodiment of a cell according to the inven- 
tion, 70 

Fig. 2 shows a view from the bottom of the 
cell shown in Fig. 1 with the membranes 
removed, 

Kg. 3 shows an enlarged view of that part 
of the cell which is shown within the circle 75 
in Fig. 1, 

Fig. 4, in vertical section, shows a part 
of another embodiment of the cell accorcW 
to the invention comprising a glass electrode! 
and . ~ 80 

Figs. 5 to 8, in vertical section, show four 
different embodiments of an enlarged part of 
a composite membrane for a cell according 
to the invention. 

Fig. 1 shows one way of exploiting the pre- 85 
sent anvennon in connection with an enzyme 
ce^ Ttecefl comprises a receptacle having 
a cyhndncal jacket 3 which is closed by a 
ra P 3 a { preferably of electrically insulating: 
material at one end and by a membrane struc- 90 
tnre 6 at the other end. 

Inside the receptade is a central cylin- 
cincal supporting column 5 for an indicator 
^rih^ 0 ^ 1 a S dD * ^ anode in 
W^J^^*? 3 ' 3 * *e support- 95 
mgcolumn 5 may be of glass or plastics. 

The aenve part of tie anode 4 may be of, 
for example, platinum, gold, silver, manhite 
In the case of a pkumun anode, the surfece 
m<xmaetwirh the electrolyte somtion 2 may 100 
be covered by platinum black. The electrolyte 
may fadude sodium chloride or potassium 
c^ond^ buffers indudmg carbonate^ phos- 
phate, bicarbonate, acetates, alkali or alkali 
e^metal saltj or other inorganic or organic 105 
buffers or mixtures thereof, ffae solvent for 
^ electrolytes may be water, glyco^^ 
come, and mmures thereof . The suppeft 
25™? follow as indicated by m 

empty space 17. Eetween the jacket 3 and the 110 

^r^TV *"» * a cylindrical spa* 
which extends down to the membrane struc- 
ture and is pardy filled with a suitable d£ 
£te 2 in which is immersed a reference dec- 
uode 1 acting as a cathode (although in some 115 
cells anode and cathode may be transposed} 
vrfuch may be silver chloride coatecf saver 

t? T ^, el ^ rodes 1 and 4, are, through leads 
u md respectively, connected to an 120 
apparatus 20 comprising a <Lc. voltage source, 
not shown, and a d.c. current measuring 
instrument A. e 

The receptade is provided with a vent 10 
in the jacket 3 dosed by a rubber band 9 125 
permitting gas to escape if the pressure inside 
tnereceptade rises to a sufficiently high levd. 

Tne membrane structure 6 covering the 
open end of the receptade 3, 3a is kept in 
place by means of an O-ring 7 fitting in a ch> 130 
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cular groove 8 in the outer surface of the 
jacket 3 close to the bottom. 

Fig. 2, which shows the receptacle 3, 3a 
seen from the bottom after removal of the O- 

5 ring 7 and the membrane structure 6, illus- 
trates that the current path extends radially 
out from the central anode 4 to the circular 
electrolyte 2 surrounding the anode 4. How- 
ever, the geometrical form of the cell is not 

10 important and many other embodiments are 
feasible in carrying out the present inven- 
tion, which mainly resides in the special mem- 
brane structure. The membrane can be used 
in connection with any electrochemical ceE 

15 of that type claimed in claim 1 and of any 
design including an electrode sensitive to 
light molecules or ions derived from the sub- 
stance to be analysed directly or through 
enzymatic conversion. 

20 The part of the cell shown inside the circle 
in Fig. 1 is shown enlarged in Fig. 3. In this 
embodiment the membrane structure 6 com- 
prises a composite, non-homogeneous mem- 
brane having two strata 13 and 16, an enzyme 

25 layer 14 and a membrane 15, the outer tree 
surface of which represents the test surface, 
which is to be brought into contact with the 
solution IS to be analysed, which can be pre- 
sent in a vessel, not shows. 

30 The composite, non-homogeneous membrane 
has a thin, dense stratum 16 and a thick, less 
dense stratum 13 which strata together form a 
unity. In order not to extend the measuring 
time to a value which is unacceptable in 

35 practice the dense stiatum must be very thin, 
viz. 0.01 to 5 fim. The mechanical strength 
of a single stratum membrane that thin would 
be insufficient for practical use. 
It has been found, however, that a mem- 

40 brane having a stratum of cuprophane and a 
thin, dense stratum of silicone rubber solves 
the problems relating to selective permeability 
and mechanical strength, 
A method for producing a composite mem- 

45 brane may consist in applying a thin layer 
of a mixture of dichlordimethylsilan and tri- 
chlormethylsilan on one or both sides of a 
sheet of cuprophane, the thickness of which 
is 10 to 100 jtm. By adding water, H 2 0, a 

50 hydrolysis occurs and dihydroxyldimethyl- 
sflan, trihydroxymetliylsilaa and hydrochloric 
acid is formed. By heat treatment dihydroxyl- 
dimethylsflart and trihydroxymethykflan is 
polymerised under the elimination of water 

55 into a silicon rubber bonded to the cupro- 
phane. The stratum added should have a 
thickness of 0.01 to 2 jim, when hydrogen 
peroxide is the active depolarizing agent 
The advantage of bonding the dense 

60 stratum to die stratum or substrate acting as a 
carrier is, that it does not wear off, a property 
which, tor many reasons, is important in prac- 
tical use. 

Instead of cuprophane other hydrophilic 
65 carriers such as cellulose acetate, polymerised 



protein and other substances (which meet the 
requirements of claim 1) may be used as part 
of the non-homogeneou3 membrane. 

The non-homogeneous composite mem- 
brane need not consist of two strata of dif- 70 
f erect materials. What is needed is a mem- 
brane having two strata of different proper- 
ties, (i.e. a denser stratum and a less dense 
stratum with the denser stratum having a 
thickness which is only a small fraction of the 75 
total thicknes of the membrane), one of which 
has a high permeability to light molecules 
such as hydrogen peroxide and a very low per- 
meability to ions and neutral molecules with 
a high molecular weight In a cellulose acetate 80 
membrane different properties in different 
strata can be obtained by heat treatment A 
membrane material of this land with excep- 
tionally good properties is commercially 
available from the Danish company "De 85 
danske Sukkerfabrikker" under the code 
number "999" and has already been des- 
cribed. The surface of the cellulose acetate 
membrane has been heat treated whereby a 
dense stratum with a thickness of 0.1 to 1 pm 90 
is formed in a sheet which is approximately 
120 jan thick. 

A dense stratum can be formed on both 
sides of the sheet or as an intermediate layer 
by a short-time high frequency heat treat- 95 
ment of a sheet between cooled condenser 
plates. 

In Figs. 5—8, are schematically illustrated 
some of the possible configurations of strata 
in the composite membrane. It is obvious that 100 
the thicknesses of the strata cannot be shown 
correctly in a case in which the ratio between 
the dense and the less dense stratum is 1 : 100. 

In Fig. 5, a dense stratum 21 and 22 is 
provided on both surfaces of the sheet leaving 105 
a less dense stratum 23 in the tn«m<», In the 
application of this membrane in which the 
dense stratum may have hydrophobic pro- 
perties, a thin layer of dectrolyte should be 
allowed to form between the sensing electrode 110 
and the membrane. 

In Figs. 6, 7 and 8, a hydrophilic stratum 
24, 28 and 31, respectively, covers die surface 
of the membrane facing the sensing electrode 
which may, therefore, touch die membrane. 115 

In Fig. 6 a second hydrophilic stratum 26 
is arranged between two dense strata 25 and 
27. 

The membrane in Fig. 7 has a stratum 28 
of less dense hydrophilic material and a 120 
stratum 29 of dense hydrophobic material. 
This membrane may be used in a cell for 
detecting gas such as ammonia, hydrogen sul- 
phides, etc, in a fluid or gaseous sample. In 
Fig. 7 is further illustrated the possibility that 125 
an electrode 30 is applied directly art to die 
stratum 28 of die membrane, for example, by 
coating. An enzyme may be included in the 
stratum 28 when it is to be used without the 
electrode 30. 130 



By bonding^ an enzyme chemically or 
mechanically either on to the outer surface 
of the membrane and in contact with a test 
solution or on to the inner surface of the 

5 membrane, the cell can be used for testing 
substances in which the conversion product 
has a molecular weight below 500 and can be 
detected by the sensing electrode. Suitable 
membrane materials are polymerised protein, 

10 cuprophane, cellulose acetate and similar 
hydrophilic materials. 

Depending on the analysis to be carried outs 
the stratum 33 ia Eg. 8 can likewise be with 
or without an enzyme. 

15 In an embodiment of the cell (not illus- 
trated) the denser stratum contacts an 
aqueous layer of enzyme contained between 
said stratum and a second, hydrophilic mem- 
brane kept at a distance from said stratum 

20 by at least one spacer. The spacer prevents 
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the aqueous enzyme solution being pressed 
away from the surface of the denser mem- 
brane when the hydrophilic membrane is sub- 
ject to a pressure from the test solution. 

In another embodiment (not illustrated) 25 
said denser stratum contacts a spacer con- 
taining enzyme which keeps a second mem- 
brane at a distance from said stratum, said 
second membrane being permeable to mole- 
cules and ions of lower molecular weight only. 30 
In tins case, the enzyme layer per se acts 
as a spacer so that the pressure of the test 
solution will not remove the enzymes from 
the space between the denser membrane and 
said second membrane. 35 

The enzyme electrode cell can, for 
example, measure the glucose content in a 
sample by means of the enzyme glucose oxid- 
ase which selectively catalyses the following 
reaction. ^ 



m The sensing electrode in the cell is sensi- 
tive to hydrogen peroxide which gives rise to 
an electrical current signal which is propor- 

45 tional to die amount of hydrogen peroxide, 
which in turn is proportional to the concen- 
tration of glucose in the test solution. Thus, 
the cell can be used for measuring the glucose 
content in biological fluids such as blood and 

50 serum. These biological fluids contain many 
substances that are capable of being oxidated 
direcdy on the sensing electrode, but such 
substances, for example, uric acid, ascorbic 
i_ and ^fc" 1 <taigs> are prevented from 

55 reaching the sensing electrode by the dense 
stratum in the composite membrane. 
. The use of oxidases and anodic determina- 
tion of peroxide is only mentioned as an 
example. The invention may be used also 

60 where an enzyme, or even an inorganic cata- 
lyst, converts a diffusible electrc-chemically 
inert substance into an electrc^cherokally 
active substance. Mixtures of enzymes or dif- 
ferent enzymes in different layers or strata in 

65 the membrane structure may be used where 
more than one reaction is required to con- 
vert the substance to be measured into an 
electro-chemically active product. 
The cell shown in Fig. 4 may be used for 

70 potentiometric measurements and comprises a 
receptacle 40 of electrically insulating material 
with two compartments 41 and 42 of which 
41 is annular and contains an electrolyte with 
a reference electrode 43, and 42 is cyliiidrical 

75 and contains a reference electrolyte with an 
inner-reference electrode 44. The electrolyte 
may be any conventional electrolyte used in 
connection with the reference electrode 44 



> Gluconic acid+H«0 2 

of e.g. Ag/AgCl such as NaCL la the case of 
a pH sensitive : membrane (H + sensitive) being 80 
applied a pH buffer for example a citrate hav- 
ing a pH of 5.5 is added. The compartment 
42 is closed at the bottom by an ion sensi- 
tte membrane eg. a glass membrane 45 
which is sensitive to H* ions. Depending on 85 
the measurement to be carried out membranes 
may be used which are sensitive to other 
10ns such as Ag* S 2 ~, t> Car* and Ch 

The bottom of the receptacle 40 is covered 
by a nonrhomogeneous composite membrane 90 
which may be kept in place in any suitable 
f fs^rofe hi the same manner as shown 
m Fig, 1. This membrane 46 comprises two 
strata, one of which is a less dense stratum 
facing the glass electrode 45 and the com- 95 
partrnent 41 with the electrolyte and the other 
of which is a denser stratum, which is imper- 
meable to ions, facing the medium to be 
tested, the denser stratum having a thickness 
which is only a small fraction of the total 100 
thickness of the membrane. 

The electrodes 43 and 44 are through leads 
connected to an electrical measuring instru- 
ment for measuring the voltage. The input 
resistance may be 10 10 — 10 14 ohm. 105 

The cell provided with a pH-sensitive glass 
membrane may be used for measuring NH3 
concentration in a medium to be tested. As 
an electrolyte in the annular compartment is 
used lla 

NH 4 a^NH 1 + +.Ch 
which in equilibrium with NH3 results in 



=constant. 
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Owing to the feet that the ratio between 
the concentrations 

[H*] [NHs] and [NH,+], 

and consequently die potential of the elec- 
5 trode chain in die cel£ is substantially con- 
stant a voltage signal will occur correspond- 
ing to die concentration of NH 3 in the meconrn 
to be tested because die H+ ion concentra- 
tion diminishes as die NHa concentration 



NHa CO NH 2 +H a O- 



increases while the NH* concentration remains 10 
substantially constant This medium may nave 
a pH different from that of the electrolyte in 
the annular compartment 41 because no ions, 
including H+ ions, can penetrate the dense 
stratum of the membrane, 46, e.g. silicon 15 
rubber, while the gas HN 8 passes through. 

As another example in which a gas NHa is 
used for measuring may be mentioned a pro- 
cess in which NHs occurs as a conversion 
product in an enzymatic reaction such as 20 



In this case the electrolyte in the compart- 
ment 41 is NH+Q as above and die mem- 
brane system comprises the non-homogeneous 
25 membrane, with a stratum of cuprophane fac- 
ing the cell and with a dense stratum of sili- 
cone rubber, and another cuprophane mem- 
brane with the enzyme uriase between the 
two membranes. 



30 WHAT WE CLAIM IS:— 

1. A cell for electro-chemical analysis com- 
prising a receptacle, a sensing electrode in said 
receptacle, a reference electrode in a space 
in said receptacle which is separated from 

55 said sensing electrode and adapted to hold an 
electrolyte solution, and a composite mem- 
brane electrically contacting said sensing elec- 
trode, a path for an electric current extend- 
ing between the reference electrode and the 

40 sensing electrode, said composite membrane 
comprising at least two strata one of which has 
a lower density than the other and is closer 
to the sensing electrode than die other and 
the other of which has a thickness which is 

45 only a small fraction of the total thickness 
of the membrane. 

2. A cell as claimed in claim 1, wherein 
said denser stratum permits the passage of 
molecules the size of hydrogen peroxide and 

50 substantially blocks the passage of larger mole- 
cules and ions. 

3. A cell as claimed in claim 2, wherein 
the said denser stratum has a thickness of 
0.01 to 2 /an. 

55 4. A cell as claimed in claim 1, wherein 
said denser stratum permits the passage of 
gases and blocks the passage of ions and sub- 
stantially blocks the passage of non-gaseous 
molecules. 

60 5. A cell as claimed in claim 4, wherein 
said denser stratum has a thickness of 0.1 to 
5 pm. 

6. A cell as claimed in claim 2, wherein 
said non-homogeneous membrane comprises 

65 three strata the outer two of which exhibit 
lower permeability to larger molecules and 
ions. 

7. A cell as claimed in claim 1, wherein 



Uriase 



->2NH3+C0 2 . 



said denser stratum races a layer containing 
enzyme. 70 

8. A cell as claimed in claim 1, wherein 
said denser stratum contacts an aqueous layer 
of enzyme contained between said stratum 
and a second, hydrophilic membrane kept at 

a distance from said stratum by at least one 75 
spacer. 

9. A cell as claimed in claim 8, wherein 
said second membrane consists of polymer- 
ised protein, cuprophane or cellulose acetate. 

10. A cell as claimed in claim 1, wherein 80 
enzyme is bonded to said stratum of higher 
density. 

11. A cell as claimed in claim 1, wherein 
said denser stratum faces a hydrophilic layer 

in which, at least on one side, is incorpor- $5 
ated an enzyme. 

12. A cell as claimed in claim 1, wherein 
said denser stratum contacts a spacer con- 
taining enzyme which keeps a second mem- 
brane at a distance from said stratum, said 90 
second membrane being permeable to mole- 
cules and ions of lower molecular weight only. 

13. A cell as claimed in claim 1, wherein 
said stratum of lower density is a hydrophilic 
material and said stratum of higher density is 95 
a hydrophobic material. 

14. A cell as claimed in rfcfrin 1, wherein 
all strata in said composite membrane con- 
sist of the same hydrophilic material and at 
least one of said strata has a higher density 100 
obtained by a heat treatment 

15. A cell as claimed in claim 1, wherein 
all strata in said composite membrane con- 
sists of cellulose acetate. 

16. A cell as claimed in claim 1, wherein 105 
said denser stratum consists of a silicone 
rubber and said stratum of lower density 
consists of cuprophane. 

17. A cell as claimed in claim 1, wherein 
said composite membrane contacts the sensing 110 
electrode as well as said space holding an 
electrolyte solution and said reference elec- 
trode. 

18. A cell as claimed in claim 1, wherein 
said composite membrane covers the active 115 
surface of a sensing electrode in the form 

of an ion sensitive electrode as well as said 



M42.303 



^^^andectrolyte solution and said BROOKES & MARTIN", 

19. A cell for electrochemical analysis, sub- §&% m W *j^ 
stanaally as described with referent to tite iYndon wriv^?' 

accompanying drawings. * „ JZ C1 7 

s "uigs. Agents for the Applicants.- 
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